Abstract -The design simulations of a subharmonically pumped image rejection diode mixer for Ku band operation is described. Details of design approach and outcome of performance simulations will be presented showing, in the 37.+40GHz RF band with 2.5GHz of IF frequency, a typical conversion loss <12.5dB with a 2LO/RF isolation .70dB and an image rejection .20dB along with an IP3.ldBm, for an LO drive power level of +12dBm, for a final compact MMIC size of 2.37x2.3lmm2.
I. INTRODUCTION
This work, as a part of a co-operation plan between Alcatel Italy, Thomson-CSF Microelectronic and United Monolithic Semiconductors (UMS), moves towards the development of typical goals of GaAsbased MMIC technology to be employed in a new 38GHz microwave module for Urban Radio Systems to meet the increasing demand for low cost, easy deployable high capacity transmission systems.
The new family of transceiver, using a 128QAM modulation, require high linearity and high output power performances. In a typical transmitter chain, the mixer at the input of the module, must satisfy challenging 3rd order intermodulation distortion performance and for broad-band operation inherent isolation property too. Typical fundamental diode mixes should operate at low output power level thus making difficult to obtain an adequate LO suppression. One could think of reducing the LO pumping power level, but this would seriously damage the frequency conversion efficiency and the linearity.
Therefore, an intrinsically LO-dumping circuit architecture is necessary, and a sub-harmonically pumped (SHP) mixer becomes an attractive solution.
SHP diode mixer is classically implemented feeding LO signal to a couple of anti-parallel diodes, the resulting combined conductance waveform has only even harmonic components, which means the converted RF products are placed around the 2LO frequency with inherently smaller residual power at twice the local oscillator frequency [1, 2] . Moreover, since the LO frequency is half of the frequency needed in conventional fundamentally-pumped mixer, the SHP architecture offers the advantage of area reduction and system simplification, especially when working at high frequency, that is final cost reduction.
The RF image rejection (IMR) filtering is not feasible for broad-band operation, thus making intrinsic imagecutting circuit necessary, which is easily accomplished with a balanced two SHP mixer with quadrature input/output hybrids.
In this paper, the design and simulation performances of an MMIC Ku sub-harmonically pumped image rejection (SHPIMR) diode mixer with an LO buffer amplifier are shown.
II. DESIGN APPROACH
The SHP mixer schematic used in this design is shown in figure 1 .
At The needed image-rejection behaviour is achieved arranging two identical SHP mixers in a symmetrical quadrature structure, as illustrated in figure 2. [3] and simulated by the Agilent/EEsof Series IV software tool. The Momentum electromagnetic simulator was weightily used to solve discontinuity and coupling problems.
A. SHP Mixer Design
The SHP mixer design required attention on the symmetry of layout connection of the diodes pair, on the size and the relative placement of one-quarter wavelength stubs, on lines connection and on discontinuity evaluation. The simulations and the electromagnetic optimisations performed, lead to a circuit that in the 37-40GHz RF band shows close to 12.5dB of conversion loss and high 2LO isolation, with an input LO power of +16dBm in the 17.25-21.25GHz band and an IF power of -15dBm at 2.5GHz, as shown in figure 3 and figure 4 . Since the mixer is sub-harmonic, the LO power is only partially suppressed on the broad-band of interest at the IF/RF ports, but it can be easily externally filtered due to the high distance from the IF and RF bands.
B. Wilkinson Design
The in-phase Wilkinson power splitter was realised in an almost-lumped elements structure in order to reduce the area occupancy with the aid of two open stubs instead of a very small capacitance not feasible due to process limitations. The simulated performance, displayed in figure 5, give in the 17.25-21.25GHz band, a three ports return loss and a ports isolation better than -15dB band with two in-phase way port transmission close to -3.5dB.
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and an harmonic suppression better than 60dB in the band of interest, as can be seen in figure 7 . The input operation level is +12dBm so to provide a +19dBm output level.
[dB] For the Lange coupler, we appropriately resized a process related structure, designed in the NI metal PH25 process layer, the bottom capacitor layer, so to have lower metallization width and spacing for lower losses and better isolation properties, optimising it via the Agilent/Momentum electromagnetic simulator in the 37-40GHz band. The S-parameters of the structure obtained, are shown in figure 6, were it can be seen a flat 3.5dB by channel loss and close to -20dB of ports isolation and return loss, in the RF band of interest. The previous shown designs were merged together to obtain the SHPIMR mixer with buffer desired design. Some optimisations on single designs were made. Input/output bond wires and microwave pads transition effects were taken into account and the behaviour versus process related elements variations was simulated. Due to the IF frequency of 2.5GHz relative to the RF one of 37-40GHz and the sub-harmonic mixer type, the USB or LSB cases, are obtained, respectively, sweeping the LO in the 17.25-18.75GHz or in the 19.75-24.25GHz separate bands. For this reason we split the two cases, into two simulations. The SHPIMR mixer needs two quadrature IF signals, in this case simulated with an ideal 900 hybrid. For an LO power of +12dBm with a total IF power of -15dBm at 2.5GHz, at buffer bias Vds=3V Vgs=-0.25V, the converted output performances, in the 37-40GHz band, are shown in figure 8 and figure  9 for the USB case and in figure 10 and figure 11 for the LSB one. In the USB/LSB cases, conversion losses less than 11.5dB/12.5dB with a 2LO to RF/IF ports isolation best of 70dB and an image rejection best of 20dB can be obtained. Table I summarised for the USB and LSB cases at PLO=+12dBm, IF=2.5GHz, Vd,=3V Vgs =-0.25V. V. CONCLUSIONS A compact size SHPIMR MMIC mixer for 37-40GHz band operation has been designed. The wafer process is under development; the MMIC will be used in a 38GHz transmitter module developed in a cooperation program joining Alcatel Italia, Thomson-CSF and UMS efforts. The design goals performances joined with the careful design approach and the deep foundry collaboration are a good omen for the final MMIC success. [dB] L O / I F 7 --~
